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Osteochondral autograft transfer (OAT) combined with OWHTO for spontaneous
osteonecrosis of the knee (SONK)
S. Mukai, Y. Nakagawa, T. Saji, H. Yabumoto
Dept. of Orthopedic Surgery, National Hospital Organization Kyoto Medical Center, Japan
Background: We treated spontaneous osteonecrosis of the knee (SONK) with severe varus
deformity by open wedge high tibial osteotomy (OWHTO) combined with osteochonral auto-
graft transfer (OAT). We analyzed the postoperative clinical symptoms and the cartilage regen-
eration of medial femoral condyle.
Material: Materials were 11 SONK patients of 11 knees (3 males and 8 females) of 69.9 years
old in the average. All patients were treated by open wedge high tibial osteotomy combined with
osteochondral autograft transfer. The implants were all Tomofix plates (Depuy Synthes) and the
osteotomized bone gap was replaced by artificial bone (Superpore beta-TCP, HOYA PENTAX),
then OATS system (Arthrex) was used for autograft.
Method: All patients were assessed by age, sex, body mass index (BMI), postoperative align-
ment (FTA), lesion size, number of the transferred plugs. The clinical symptoms were assessed
by Lysholm score before and after the surgery. The cartilage regeneration was assessed by sec-
ond look arthroscopic evaluation using ICRS cartilage repair assessment score (protocol B) at the
implant removal (14 months postoperatively in the average). We analyzed which factor signifi-
cantly affected these results.
Results: The average lesion size was 504mm, and the number of the transferred plugs were 3.6
in the average. The average postoperative femoro-tibial angle was 171 degrees. There were no
cases of plug deviation nor displacement, and no case of recurrence of osteonecrosis. The aver-
age Lysholm score was improved from 54.8 points preoperatively, to 83.4 points postoperatively,
and the scores were significantly improved in all cases. The ICRS assessment of cartilage defect
(full score 4 points) was 3.7 points, plug integration (full score 4 points) was 3.7 points, and the
macroscopic appearance (full score 4 points) was 3.0 points, and the total points (full score 12
points) was 10.4 in the average. All cases were graded Nearly Normal (total score 8-11). There
were no significant relationship between the postoperative Lysholm score and the ICRS assess-
ment score, and there were no factors among age, sex, BMI, the lesion size, and so on, which
were affecting the assessment score.
Discussion: There are many treatment options for spontaneous osteonecrosis of the knee
(SONK). Open wedge high tibial osteotomy (OWHTO) is one of the most popular joint preserv-
ing methods, but there were few reports describing whether the combination of osteochondral
autograft transfer (OAT) was effective or not. This study demonstrated that osteonecrotic lesion
replaced by osteochondral plug showed significantly good ICRS repair score. This implied that
the osteochondral plugs were integrated well in the necrotic lesion in all cases, and that osteo-
chondral defect was successfully repaired by regenerative fibrocartilage. We believed that OAT
was the superior joint preserving method in the point that the subchondral bone and surface car-
tilage were simultaneously repaired in spite of the elder age of SONK patients.
Conclusion: The postoperative clinical results of OWHTO with OAT for SONK patients signifi-
cantly improved in all cases, and the cartilage repair assessment score of SONK lesion were
nearly Normal in all cases. Osteochondral autograft transfer was very good combination surgery
with realignment tibial osteotomy to repair the osteochondral defect in SONK.
http://dx.doi.org/10.1016/j.asmart.2016.07.161B0712
Arthroscopic repair of meniscus tear in patients 40 years age and over
H. Tsukada, M.D , K. Tsubo, G. Kumagai, S. Nohmi
Department of Orthopaedic Surgery, Aomori City Hospital, Japan
Background: Recently, the importance of preserving the function of meniscus, such as stabili-
zation, shock absorption and joint congruity, has been recognized. Furthermore, the development
of surgical techniques and devices have contributed to the extended indication for meniscal
repair, however, there was controversy over meniscal repair for middle age patients. The purpose
of this study was to compare the outcome of arthroscopic repair of meniscus tear in patients 40
years age and over to younger patients.
Materials and Methods: We retrospectively reviewed a consecutive series of patients with
arthroscopic repair for meniscus tear between April 2011 and March 2013. The exclusion criteria
were short follow-up period (<2 years), concomitant injuries to the anterior cruciate ligament or
discoid meniscus. Eleven patients were more than 40 years old (40-58 years old, average age:
48.6 years old, Middle age group: group M) and twelve patients were less than 39 years old
(15-38 years old, average age: 21.9 years old, control group: group C) were recruited. All sur-
gical procedures were performed by a single surgeon (H.T.). Meniscal repairs were performed
the inside-out technique with 2-0 FiberWire (Arthrex Inc., Naples, FL, USA) or the all-inside
technique with the FasT-Fix device (Smith& Nephew Endoscopy, Andover, MA, USA). All
patients were required postoperative immobilization at knee extension for 3 weeks. All patients
were evaluated with Lysholm score, the International Knee Documentation Committee (IKDC)
subjective score and recovery periods of range of knee motion (ROM). Pre and postoperative
radiographs and magnetic resonance imaging (MRI) were obtained for all patients, progress
of joint space narrowing in radiograph and the presence of joint effusion and bone marrow
edema in MRI using Whole-Organ Magnetic Resonance Imaging Score (WORMS) were
evaluated.
Results: In Lysholm score and the IKDC score, the postoperative average points was statistically
significantly higher than the preoperative average points in both group, and no significant differ-
ence in improvement rate between pre and post operative average points were detected in bothgroup, however, in the IKDC score, the postoperative average of 94.3± 7.1 points in group C
was statistically significantly higher than 87.0± 8.7 points in group M (p¼0.04). The recovery
periods of ROM average of 17.4± 11.7 weeks in group M was statistically significantly higher
than 9.9± 3.0 weeks in group C (p¼0.04), and there was correlation was found between age and
the recovery periods of ROM (r¼+0.55, p¼0.01). In image assessment, progress of joint space
narrowing in X-p and increase of joint effusion and size of bone marrow edema in MRI were not
detected in both group.
Discussion: There were significantly differences in the postoperative IKDC score and the recov-
ery periods of ROM between group M and group C due to preoperative osteoarthritic changes in
group M, however, this study indicated that meniscal repair were effective for middle aged
patients.
http://dx.doi.org/10.1016/j.asmart.2016.07.162B0720
Clinical study on anterior cruciate ligament combined with lateral meniscus root tear
injury based on 577 cases and the analysis of typical cases
Y. Wei, L. Bai
Department of Joint Surgery and Sports Medicine, ShengeJing Hospital, China Medical
University, ShenYang, PR China
Objective: The study aims to investigate clinical characteristics of anterior cruciate ligament
(ACL) injury complicated with lateral meniscus root tear injury. We also share our successful
clinical experience of diagnosis and treatment to the special injury by means of retrospective
cases in ShengJing-Hospital.
Methods: The clinical data included 577 patients who were diagnosed as anterior cruciate lig-
ament injury with ipsilateral meniscus injury in Joint Surgery and Sports Medicine Department
of ShengJing-Hospital from March 2014 to January 2016. Among them lateral meniscus root
tear injury were 53 cases. The incidence of meniscus ramp injury accounted for 9.2%. The 53
patients included 35 males and 18 females respectively. Their ages ranged from 14 to 61 years
old. We analyzed epidemic characteristics of the lateral meniscus root tear injury systematically.
The other clinical data included patients’ age, the type of ACL injury, the reason of injury, the
time lenghth between operation and injury, the comparison between preoperative MRI examina-
tion and arthroscopy surgery examination, the comparison between preoperative and postopera-
tive lysholm score respectively.
Results: Among them, 39 injuries were secondary to acute ACL injury accounting for 73.6%
however 14 injuries were secondary to chronic group accounting for 16.4%. The incidence of
secondary to acute ACL injury was significantly higher than the chronic in lateral meniscus
root tear injury (P <0.01). Lateral meniscus root tear includes simple root tear and root com-
bined body radial tear (complex injury). Among 53 cases, 19 injuries were simple root tear
accounting for 35.8% however 34 injuries were complex injury accounting for 64.2%. The com-
plex injury can be divided into type A-root injury but femoral ligament intact accounting for
85.3% (29/34) and type B-root injury and femoral ligament missing accounting for 14.7% (5/
34). 36 cases suffered because of sports accident accounting for 67.9% in the various causes
of lateral meniscus root tear injury. The peak time from the injury to diagnosed as lateral menis-
cus root tear in the surgery was about 3 months - 1 year. There are 63 cases were reminded of
suspicious signal appearing in the lateral horn of meniscus in the magnetic resonance image
(MRI) examination before operation. The preoperative MRI diagnostic rate was 84.1% in ante-
rior cruciate ligament combined lateral meniscus root tear injury. Preoperative Lysholm’s score
was (45.4± 6.8) while the postoperative lysholm’s score was (93.3± 10.2). Postoperative score
was significantly better than the preoperative (P <0.01).
Conclusion: Lateral meniscus root tear injury is often secondary to acute ACL injury; Male and
younger (<30 years) patients should pay more attention to it when ACL injury happended; Pre-
operative MRI can be used as one usual auxiliary diagnosis; Lateral meniscus root tear injury
should be early diagnosed and early accepted surgery. All-in-side suture technology is an effec-
tive method for treating meniscus ramp injury and the following-up results are often satisfactory.
http://dx.doi.org/10.1016/j.asmart.2016.07.163B0727
Meniscal translation in healthy and repaired menisci: a three-dimensional in-vivo
magnetic resonance imaging study
C. Scholes, G. Regazzola, M. Kazzi, M. Ebrahimi, D. Parker
Sydney Orthopaedic Research Institute, Chatswood, Australia
Background: Meniscal tears form one of the most common pathologies treated by the knee
orthopaedic surgeon with up to 500 000 arthroscopic procedures to treat the condition performed
in the USA annually. The crucial role of the menisci in knee function has led to an increased
reliance on meniscal-preserving techniques to repair tears and maintain as much of the meniscus
in-situ as possible. The primary objective of a meniscal repair is to restore meniscal function,
maintaining appropriate loading throughout the joint and preventing long-term degenerative
changes. However, an important characteristic of meniscal function is translation across the tibial
plateau during flexion-extension to match the dynamic pathway of tibiofemoral contact in the
medial and lateral compartments. Despite its important contribution to meniscal function, little
is known about meniscal translation in-vivo during weight-bearing, particularly other than ante-
rior-posterior translation. To contribute additional knowledge to this area, with particular refer-
ence to assessing success or failure of meniscal repair, the purpose of this study was to determine
the relationship between meniscal condition (repaired vs uninjured), compartment (medial vs
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90-max) on three-dimensional translation during weight-bearing knee flexion.
Materials &Methods: A cohort of 15 patients (9m; 26.5yrs range 16-52yrs), eligible for menis-
cal repair were recruited retrospectively. A medial meniscal tear was repaired in 1 case and a
lateral meniscal tear was repaired in 15, with simultaneous ACL reconstructions in 6 cases. A
postoperative MRI was performed in an open bore MRI scanner (Upright Multipostional, Fonar,
USA). Both knees were secured in carbon braces and scanned in the sagittal plane (3.5mm slice,
256x256, 0.7mm in-plane resolution) at 0, 60 , 90 , and maximum flexion with partial weight
bearing (~20% body weight). The images were analysed with custom-written image-processing
software (Matlab v2014b) and the three-dimensional positions of the horns and body of the
medial and lateral menisci determined with manual image segmentation combined with a cubic
spline fitted to the centroids of each meniscal region visible in each image. Translation was
defined as the change in position between 0deg and 60deg of flexion (0_60), 60deg to 90deg
(60-90) and 90deg to maximum flexion (90_max).
Results: The anterior-posterior translation of the uninjured menisci occurred mostly during
0_60, but did not move uniformly, or at a linear rate across the range of motion. Further, the
uninjured menisci demonstrated different patterns of movement between medial and lateral com-
partments. The lateral menisci translated posteriorly on average, with the most occurring in the
anterior horn between 0 and 60 (mean 6.0mm, 95%CI 2.1 e 9.9mm), whereas the anterior
(3.8mm, 1.0 e 6.7mm) and posterior horn (1.9mm, 1.2 e 2.6mm) of the medial menisci trans-
lated less during the same flexion arc. The repaired menisci demonstrated different patterns of
anterior-posterior translation across the knee flexion range. In particular, where the uninjured
medial posterior horn translated posteriorly on average during the 60_90 arc (1.0, 0.2 e
1.8mm), the repaired medial posterior horn did not (0.6, -0.3 e 1.4mm). A similar difference
was identified for the lateral body for the 90_max arc between uninjured (2.0, 0.4 e 3.7mm)
and repaired knees (1.5, -0.4 e 3.5mm).
Discussion: The purpose of this study was to describe the meniscal translation of uninjured and
clinically successful meniscal repairs in three dimensions during partial weight bearing knee
flexion. Lateral uninjured menisci moved posteriorly on average more compared to medial
menisci. These results were consistent to previous study which showed a higher posterior trans-
lation of the lateral menisci compared to the medial in a two dimensional partial weight bearing
setting. Repaired menisci demonstrated different patterns of translation across the knee flexion
range compared to the uninjured group, which is also consistent with previous studies. However,
comparison to the available literature should be made cautiously due to differences in method-
ologies, image acquisition, knee position and load, as well as inconsistent referencing points
used for measurements in previous studies. High variability of meniscal movement could be
associated with variations in articular geometry, the loading environment, location of the injury
and the characteristics of the repair. Although meniscal kinematics may not to be fully restored
after repair, this procedure is important to preserve menisci function and protect the chondral
surfaces from inappropriate loads. Further studies with larger number of patients are necessary
to better understand the kinematics of both uninjured and repaired menisci.
Conclusion: Meniscal mobility is highly specific to the individual and anatomical subregion in
both healthy and repaired menisci. Possible reductions in meniscal mobility in repaired menisci
may point to a reduction in its load-bearing capacity, with important consequences for cartilage
health and joint longevity.
http://dx.doi.org/10.1016/j.asmart.2016.07.164B0728
Survival and clinical outcomes of high tibial osteotomy for medial knee osteoarthritis
V. Arun Mhaskar, C. Scholes, A. Pearlman, K. Levin, M. Coolican, B. Fritsch, D. Parker
Sydney Orthopaedic Research Institute, Chatswood, Australia
Background: Medial opening wedge high tibial osteotomy (MOWHTO) has been used success-
fully in the past to treat medial compartment osteoarthritis. Most previous studies however have
reported on the variable survival rates with little documented on the pain relief of the procedure;
one of the primary indications for doing a MOWHTO. However most previous studies have
mainly reported on survival rates of the procedure which have been variable. Very little has
been reported on pain relief following the procedure, although it is a primary outcome of a
MOWHTO. Therefore the aims of this study were to i) Describe the patient demographics
and surgical outcomes, including complications, of a case series of medial opening wedge
HTOs for treatment of medial knee OA; ii) Determine the procedure survivorship up to 10years
post-surgery and iii) Identify patient and surgery-related factors associated with pain relief fol-
lowing MOWHTO.
Materials&Methods: A cohort of medial opening wedge osteotomies (MOWHTOs) performed
for the treatment of medial compartment knee osteoarthritis was extracted from a clinical
research database. Patients underwent MOWHTO under tourniquet control, fixated internally
and bone grafted. Concomitant procedures were performed where required (ACL, PCL recon-
struction; meniscal or cartilage treatment). Patient demographics were extracted from the clinical
research database and complications were identified by detailed review of clinical notes. The
cohort list was submitted to the Australian Joint Replacement Registry to verify cases converted
to total knee replacement (failures) and deceased patients. Survival analysis was conducted using
right-censored data with Kaplan-Meier analysis. A normal distribution was fitted to the survival
data and estimates of average and maximum survival were calculated. Pain relief was defined as
the change in KOOS-Pain subscale between pre-operative and post-operative assessments. A par-
tial least squares regression model was fitted with pain relief as the response variable and patient
demographics, concomitant procedures and post-operative limb alignment as predictors.
Results: The patient cohort (N ¼ 211) was predominantly male (84%) with a median age of
51yrs (IQR 44 e 55yrs) and median BMI of 28.9 kg/m2 (IQR 26 e 32 kg/m2). In addition,14.8% of patients indicated that they had smoked regularly at some point in their lives and
5.4% were treated through workers compensation. The patients were administered the KOOS
questionnaire at a median follow up period post-operatively of 2.1 years (IQR 1.1-3.5yrs). At
the latest post-operative follow-up, significant (P<0.01) improvements were observed for all
KOOS sub-scales, however none returned to the level of age-matched normative scores. Compli-
cations requiring medical or surgical intervention (superficial infection; delayed union; deep vein
thrombosis and adverse medication reaction) were documented in 8 patients (3.9%). A total of
13 conversions to total knee replacement (6.3%) occurred. Median time to failure was 7.7 years
(IQR 5.4-8.6). Kaplan-Meier analysis revealed 97.7% survival at 5yrs (95%CI 95 e 100%) and
80% at 10years (95%CI 69-92%). Parametric analysis allowed for extrapolation of the survival
curve and indicated that the estimated mean time to failure was 12.5yrs (95%CI 10.5-14.6yrs)
and few would be expected to survive past 21 years (99th percentile 20.6yrs; 95% CI 15.7-
25.6yrs). The model of pain relief was significant (P < 0.01) and provided a reasonable fit
(R2 ¼ 57%). The period between surgery and the KOOS follow-up was most associated with
poorer pain relief compared to the sample average (standardized b ¼ -0.36), followed by the
KOOS-Pain score recorded preoperatively (standardized b ¼ -0.32) and male gender (standar-
dized b ¼ -0.21). Factors associated with higher pain relief included increased post-operative
valgus (standardized b ¼ 0.21), increased pre-operative BMI (standardized b ¼ 0.21) and
whether concomitant cartilage treatment was performed (standardized b ¼ 0.21).
Discussion: The purpose of this paper was to describe the demographics, procedure survival and
pain relief of patients undergoing MOWHTO for the treatment of medial compartment knee
osteoarthritis. Survival rates at 5 and 10yrs follow-up are consistent with previous reports, how-
ever this is the first study to estimate projected average and maximum survival and provides
important guidance to surgeons counselling patients contemplating the procedure for the indica-
tion described. The low complication rate and significant improvement in KOOS scores suggests
that MOWHTO is a safe and effective procedure for treatment of significant medial knee osteo-
arthritis that has a finite longevity. The present study is the first to investigate pain relief in this
patient population and the results suggests that increased frontal correction, increased BMI and
concomitant cartilage treatment afford greater pain relief in the sample studied. Whether this
coincides with improved survival remains to be seen and future work should be directed toward
improving patient selection for this procedure.
Conclusion: MOWHTO is a relatively safe procedure with excellent 5 year survivorship in
patients with predominantly medial compartment knee osteoarthritis. Surgeons contemplating
the procedure for this indication can counsel patients that the average longevity is 12.5years
and the maximum may be as high as 21yrs. Furthermore, patients that present with increased
post operative valgus, higher BMI and receive a concomitant cartilage procedure can be expected
to report above-average pain relief.
http://dx.doi.org/10.1016/j.asmart.2016.07.165B0729
Regression modelling combining MRI measurements and patient anthropometry to
predict graft diameter in ACL reconstruction
V. Vinh Gia An 1,2, C. Scholes 1, V. Arun Mhaskar 1, D. Parker 1, B. Fritsch 1
1Sydney Orthopaedic Research Institute, Chatswood, Australia
2Faculty of Medicine, University of Sydney, Australia
Background: Graft diameter has been shown to influence the risk of graft failure. Graft prepa-
ration techniques used in anterior cruciate ligament reconstruction (ACLR) are variable and may
affect graft diameter. Previous studies have correlated anthropometric data and MRI tendon
measurements to intraoperative graft diameter and suggested that these singular factors can be
used to predict graft diameter. However, none have investigated these together in an integrated
model. Our study aimed to investigate the prediction of intraoperative graft diameter in quad-
rupled semitendinosus (4-ST) and doubled semitendinosus-gracilis (4-STG) graft constructs,
using anthropometry and MRI measurements, with a goal of providing practical guidelines for
orthopaedic surgeons.
Materials&Methods: Hamstring autograft, arthroscopic ACL reconstructions using four-strand
gracilis+semitendinosus (4-STG) and quadrupled semitendinosus grafts (4-ST) between April
2009 and June 2015 were retrospectively reviewed. Cross-sectional areas (XSA) of the semite-
ndinosus and gracilis tendons were measured in the axial slice of a T2 weighted MRI image
using a region-of-interest tool. Measurements were taken at the slice with the widest trans-epi-
condylar distance, and repeated at one slice above and below. The median was recorded. Patient
anthropometric data (height, weight and gender) were extracted from patient clinical notes. Pear-
son’s correlation coefficients with 95% prediction intervals (PI) were used to replicate previously
reported correlations. Ordinal logistic regression models were established using all data, as well
as sub-group models of those receiving 4STG grafts and 4ST grafts with graft diameter categor-
ised into an ordinal response variable (>8mm, 8mm, <8mm). Partial least squares regression
(PLSR) using the nonlinear iterative algorithm (NIPALS) was used to develop a refined predic-
tive model for graft diameter. The model was validated using leave-one-out cross validation
(LOOCV).
Results: A cohort of 108 ACL reconstructions in 107 patients was examined, 75 of which were
performed with the 4-STG construct, and 33 which employed the 4-ST construct. The mean graft
diameter in the 4-ST group (8.6±0.8 mm) was significantly (p < 0.001) greater than the 4-STG
group (7.9±0.7mm). Intra-observer reliability was high for MRI measurements. MRI XSA sum
of ST and gracilis tendons and height demonstrated statistically significant correlations with graft
diameter in both 4-STG (r ¼ 0.48, r ¼ 0.45 respectively) and 4-ST (r ¼ 0.71, r ¼ 0.67 respec-
tively) constructs. Ordinal logistic regression of the overall cohort showed that female gender
and the 4-STGT preparation technique were associated with increased odds of receiving grafts
<8mm, while every 1mm2 increase in ST XSA reduced the log odds of receiving a graft
